Travel time is one of the most fundamental and important determinants of travel behavior. However, the travel time on which travel decision is based is subjective one, i.e., anticipated travel time. We propose a conceptual model of the formation of an anticipated travel time through information acquisition and initial driving experience.
INTRODUCTION
Travel time has been regarded as one of the most fundamental determinants of both longterm and short-term travel decisions including residential location choice, travel mode choice, destination choice and route choice. Frequently, objective travel time measurements obtained from transportation network models have been used as explanatory variables in travel behavior models. However, the travel time on which travel decision is based is subjective one, i.e., anticipated travel time. Objective travel time may serve as a proxy variable for anticipated travel time if and only if the difference between them is small and non-systematic. In cases of auto trips, however, the difference between an anticipated travel time and the objective travel time would not necessarily be trivial because it is difficult for a driver to predict uncertain travel time precisely when travel time fluctuates from time to time depending on traffic condition, which in turn depends on a number of factors, not all of which are well understood.
In the field of travel behavior research, departure time choice models, mode choice models and route choice models have been developed, incorporating the notion of anticipated travel time (1, 2, 3, 4, 5) , and dynamic traffic network simulation models that account for the process of learning how to predict travel times (6, 7) have been proposed.
One crucial element in these endeavors is understanding how drivers anticipate travel time. Several studies have in fact examined anticipated travel time per se empirically and theoretically (1, 8, 9, 10, 11, 12, 13, 14) . Using experimental data, these studies have indicated that the information on travel time gained from past experience influences the anticipated travel time a driver may have for the future. In addition, it has been reported that the rational expectation hypothesis that the expected value of the distribution of anticipated travel times would equal that of actual travel times, was supported by experimental data.
Although findings based on experimental data would be useful for travel demand analysis, they alone would not be sufficient (15) . It is the anticipated travel time a driver has on an actual transportation network, not on a hypothetical network, that is important for travel demand analysis. In particular, for a better understanding of the cognitive process of perception and prediction of travel times, it is important to understand how a driver forms an anticipated travel time when he faces a traffic condition he has never experienced in the past. This is because the anticipated travel time of a route would not change substantially once the driver establishes it well by repeated driving experience, while the anticipated travel time under unfamiliar traffic condition can be expected to be influenced substantially by information acquired by the driver, which in turn depends to an extent on the prevailing information dissemination policy and practice. In addition, the initial driving experience may substantially influence the anticipated travel time formed under unfamiliar traffic condition.
The traffic simulation analysis conducted by Nakayama et al. (6) , indicated the possibility that drivers' beliefs on travel time formed by initial driving experiences may be "deluded", i.e., the travel time of a route, on which a driver experienced an excessive travel time, and which therefore is not used any longer by the driver, may be believed by the driver to be longer than it actually is. Furthermore, the simulation analysis has shown that this delusion may result in "deluded equilibrium", which is different from user equilibrium and may represent much less efficient traffic condition. Thus, understanding the formation of an anticipated travel time through initial driving experience and 4 information acquisition would be crucial for understanding drivers' learning in route choice, and also for linking microscopic drivers' route choice behavior and macroscopic dynamics in network traffic flow.
The data used in this study were collected in a survey in the Osaka metropolitan area to investigate commuting drivers' adaptive behaviors during the closure of a segment of the freeway system in the area for maintenance purposes. A freeway closure forces its regular users to behave differently from their travel habits, and also affects the traffic condition throughout the area. Consequently drivers must acquire information on the traffic condition during the highways closure (16, 17) in order to be able to anticipate their travel times. The highway closure in Osaka generated such drivers in the road network of the area who did not know the traffic condition during the closure, yet presumably intended to anticipate travel times as precisely as possible for their commuting trips.
It can be expected that surveying such drivers would provide information that can be utilized to understand the process of anticipated travel time formation under the absence of information on traffic condition obtained from driving experiences. The survey therefore collected information on commuting travel mode, route, actual travel time, anticipated travel time, and acquisition of information each day during the highway closure. Using this data set, this study analyzes the impact of acquired information about traffic condition on anticipated travel time. The following media are considered as the source of information: mass-media, word-of-mouth, telephone-based traffic information services, and actual initial driving experience during the closure.
A CONCEPTUAL FRAMEWORK FOR UNDERSTANDING DRIVERS'
ANTICIPATION OF TRAVEL TIME
State Dependence and Information Effect
It has been demonstrated repeatedly that a behavioral or psychological state is influenced by the past state (18, 19, 20) . It is assumed in this study also that an anticipated travel time affects anticipated travel times held in the future. This is labeled state dependence.
As state dependence implies that a driver anticipates the travel time for a future trip while referring, consciously or unconsciously, to the anticipated travel times he had in the past, we can determine if the anticipation held in the past affects the anticipation held for the future by statistically testing the presence of state dependence.
As the predictive ability of a statistical model increases, predictions match actual values more precisely (21) . This implies that anticipated travel time becomes correlated with actual travel time when predictive ability is high. We label this emergence of correlation as information effect, since predictive ability might be influenced by the amount and quality of information an individual has acquired (see Figure 1 ). Because the ability to predict travel times is bounded (22, 15, 6) , however, the information effect may not always be appreciable. How extensive a driver's ability to predict travel time is, can be inferred by statistically testing the presence of information effect.
State dependence implies that the anticipated travel time held at a point of time, t, is influenced by that held at a previous time point, t-1. In order to test the existence of information effect, then, it is necessary to estimate the correlation between the actual 6 travel time at t and the anticipated travel time at t after eliminating the state dependence effect (i.e. the effect of the anticipated travel time at t-1 on the anticipated travel time at t). Such a correlation can be obtained as an coefficients estimate of a multiple regulation model whose dependent variable is the anticipated travel time at t and whose independent variables include the anticipated travel time at t-1 and actual travel time at t, as shown in Figure 1 . Note that this model is considered as a devise to test the significance of information effect, and is not intended to represent causal relationships. In particular, it is not at all the intent here to assert that the anticipated travel time at t, held prior to trip making, affects the actual travel time at t.
The Effects of Information Acquisition and Actual Driving Experience
If a driver acquires information on the travel time of a route from, e.g., telephone information services, radio traffic reports, or actual driving experiences on the route, the driver should be able to predict travel time more precisely than could a driver without such information. Consequently, the information effect would be intensified with the amount of information that has been acquired. Furthermore, if the driver is capable of anticipating travel times well based on the information he has acquired, it would not always be necessary to refer to anticipated travel times from the past. With these conjectures, we hypothesize: The information provided by the media, e.g. TV, radio or telephone services, is, under the current technology, generic and not specific to each driver or each trip, whereas actual experience provides information specific to the driver, i.e. actual door-to-door travel time for his trip (the former type of information shall be called "generic travel time information"). Therefore, driving experience, especially the initial one, is expected to affect substantially the anticipated travel time and tend to negate the influences of generic information. So, we hypothesize as follows:
Experience Dominance Hypothesis: The influences of generic information on the anticipated travel time are weaker with actual driving experience than without it.
Shown in Figure 1 is the proposed model of the formation of anticipated travel time. In this model, the information effect and state-dependence effect are both posited, and the influences of information acquisition and driving experience on these effects are also postulated, representing the two hypotheses presented above. This model is formulated as a structural equations model (SEM) and estimated using the maximumlikelihood procedure available in the LISREL8 software (23) .
Special Features of the Conceptual Framework
The proposed conceptual framework for understanding drivers' anticipation of travel time is different in three ways from those in previous studies that have investigated anticipated 8 travel time (1, 8, 9, 10, 11, 12, 13, 14) . First, the present study is different from the previous studies in that it investigated the preciseness of prediction or predictability (21) of travel time which might be based on the driver's cognitive skill for prediction (24) and which can be represented by the information effect in the model proposed in this study.
Although a line of studies hypothesizing rationality in expectation (9, 10) investigated the predictability or preciseness of prediction, it did not offer knowledge why and when such rationality which leads to high predictability might emerge. This study, on the other hand, proposes the two hypotheses with respect to theoretical relations among the predictability, information acquisition and actual experience, and tests them. In other word, this conceptual framework may be used to enhance our knowledge about predictability of travel time.
Second, the present study can be distinguished from the previous studies in that it investigates drivers' anticipation under unfamiliar traffic conditions. The previous studies investigated the anticipation of travel time when drivers uses one or few routes repeatedly (1, 8, 9, 10, 11, 12, 13, 14) . These studies would be useful to understand anticipation of travel time, for example, of drivers who commute everyday using one or few routes.
However, actual drivers whose cognitive ability is substantially bounded (22) Finally, some studies investigated the anticipation of travel time when travel time information is provided by roadside variable message signs or advanced traveler information systems (e.g. 8, 12, 13, 14) , but they have not investigated the anticipation when information is acquired through other media (e.g. mass media, telephone services, or words-of-mouth) as well. The framework proposed in the present study is expected to be able to provide useful fundamental information to transportation planners and aid them in developing effective information provision schemes.
METHOD Survey
The data used in this study were collected in a multi-day survey which was conducted as part of a study which investigated the commuting drivers' adaptive behaviors during the closure of the freeway on which they regularly commute. The survey targeted commuters on Hanshin Expressway Sakai Route, which is a toll road and was closed for maintenance works for 9 consecutive days from November 1 till 8, 1998.
In order to recruit drivers who commute regularly on the Sakai Route, 5,000 postcards were distributed to drivers at three tollgates on the route from 6:00 a.m. till 8:30 a.m., October 15, 1998. The postcard described the objective of the survey and the tasks involved in the main survey. It asked those recipients who commuted by the Sakai Route at least once a week to participate in the main survey to be held during the Sakai Route closure. Those who qualified and were willing to participate were asked to mail back the post card with their names and home addresses. A total of 704 postcards were received, and the questionnaires for the main survey were sent to them by November 1, 1998. The respondents were offered an incentive of their choice, a telephone card, a pre-paid highway toll card, or a book coupon, all worth 1,000 yen (approximately 10 U.S. dollars).
During the closure, at least one telephone call was made to the respondents to remind them that they were supposed to complete the questionnaire. At the conclusion of the survey period, a total of 370 usable questionnaires were received, yielding an effective response rate of 52.6%. As will be seen below, the survey lasted for the entire duration of the freeway closure, and it demanded of the respondents quite an amount of effort. In light of this, this response rate can be considered quite high.
The respondents were requested to answer questions every day during the freeway closure (November 1 through November 8), and also on the day before the closure (October 31). The questions on the day before the closure were about the respondent's personal attributes and regular commuting behavior. The questions during the highway closure were about the commuting behavior and information acquired on each day.
Questions for each day were contained in one page and laid out in the form of a flowchart so that those respondents who chose different commute modes would be able to answer sequentially with ease the specific questions supposed to be answered by them.
This study used the data about anticipated travel time and information acquisition described in the following sections.
Information Acquisition
Every day during the highway closure, we asked the respondents whether or not they Note that through mass media, they could have been exposed to news reporting on the highway closure or obtained information on detours. If they had used telephone services, they could have gotten information of detours, actual travel times between principal origins and destinations, or the length of traffic jams on major highways.
Anticipated Travel Time and Actual Travel Time
Travel time is always uncertain for an auto trip and a driver cannot predict it exactly.
Such an uncertain quantity is often recognized or expressed by people in terms of its possible range (25). In addition, we conjectured that it would be much easier for the respondent to indicate a departure time and an anticipated arrival time than indicating an anticipated travel time because the former two are more easily recognized, partly because a driver can always determine an arrival or departure time by taking a glance at the wristwatch or the clock on the dashboard without any calculation. Accordingly, the anticipated travel time for commuting day t (t = 1, 2, …) during the highway closure was measured by asking the respondents to fill in the spaces between brackets (which was blanks in the survey questionnaire) below:
I left home to work at [DT t , k(t) ].
When I left home, I anticipated that I would arrive at the office between [LAT t , k(t) ] and [EAT t , k(t) ]. My actual arrive time was [AT t , k(t) ].
where k(t) denotes the commuting mode the respondent used on the commuting day, i.e., a route involving a freeway, a route involving no freeway, or public transit; and LAT t , k (t) and EAT t , k(t) give the range of arrival time anticipated by the respondent. The travel time,
ActualTime t,k(t) , is determined as AT t , k(t) -DT t , k(t) . The anticipated travel time by mode k(t), AnticipatedTime t,k(t) , is defined as;

AnticipatedTime t,k(t) = (LAT t , k(t) + EAT t , k(t) ) / 2 -DT t , k(t) .
It should be noted that AnticipatedTime t,k(t) defined above represents the length of anticipated travel time, but not the uncertainty associated with it or the vagueness in the perception of travel time. The fuzzy theory (26) or imprecise probability theory (27) could be applied to represent the impreciseness or vagueness in anticipated travel time.
Although this is not within the scope of this present study, the vagueness of anticipated travel time (3, 28) should be addressed in future research efforts.
Anticipated travel times that the respondent had for an ordinary day were obtained for a route involving a freeway, a route involving no freeway, and public transit (denoted by k(0) below) by asking him to fill in the blanks below on the day before the highway closure (3). (1, 7, 8, 12, 13) . Based on this assumption, the anticipated travel time by mode k(0) on a ordinary commuting days is calculated as; Figure 2 shows the structural equations model which is derived from the conceptual model shown in Figure 1 . The model is formulated for data from two commuting days.
Structural Equation Model for Hypothesis Testing
The equations are formulated as follows.
where, sd 1 2-W are parameters shown in Figure 2 ; and e 1 and e 2 are error terms. This structural equations model is formulated for the purpose of estimating these parameters denoting causal relationships among the variables. For example, sd 1 can be estimated as the coefficient of , is 1 , is 2 , ip 1 , and ip 2 , indicate the impacts of information acquisition. The differences between these parameters, i.e., (is 2 -is 1 ) and (ip 2 -ip 1 ) , indicate the impact of initial driving experience on the effect of information acquisition.
The hypotheses of this study are tested based on the estimates of these parameters of the structural equations model and the impacts of initial driving experience and information acquisition are thereby evaluated.
Sample for Estimation
The structural equations model is estimated on a data set that contains drivers who used the same route on both Commute Day 1 and Day 2. These drivers were selected in order to eliminate unexpected biases yielded by difference of routes. Estimating the model system of this study requires data on anticipated travel times on ordinary days, as well as anticipated and actual travel times during the closure. Complete data are available from 41 respondents in the sample. Descriptive statistics of this sub-sample used for model estimation are given in Table 1 .
As shown in Table 1 , more respondents acquired information on the first commute day than on the second day during the closure. This can be said for all types of information sources. The result suggests that a driver who is unfamiliar with the traffic condition would be more active in acquiring traffic information than a driver who is familiar with the condition through driving experience. This tendency is consistent with the findings in experimental studies which focused on the relation between information acquisition and habitual behavior (16, 17) . Although the present study focuses on the impact of information acquisition on anticipated travel time, information acquisition by drivers per se is one of the important research issues.
STATISTICAL RESULTS
The estimation results are shown in Table 2 . The multiple correlation coefficients for AnticipatedTIme 1,k(1) and AnticipatedTime 2,k (2) indicate that variances of these two endogenous variables are explained well by the model.
The estimate of sd 1 is significantly positive (t = 3.57, p < 0.001) but that of pp 1 is not significant (t = 1.10, n.s.). The estimates of sd 2 and pp 2 on the second commute day when the drivers had already had driving experience, on the other hand, are both significantly positive (t = 2.91, p < 0.01; t = 6.47, p < 0.001). The difference between sd 1 and sd 2 , which represents the effect of initial driving experience on stated-dependence effect, is significantly negative (t = -2.45, p < 0.05), while the difference between pp 1 and pp 2 which represents the effect of initial driving experience on anticipated travel time is significantly positive (t = 2.02, p < 0.05). These results are consistent with the Information Dominance Hypothesis, i.e., information acquisition, including acquiring information through actual driving experience, strengthens the information effect and weakens the state-dependence effect. (2) is significantly positive (t = 2.08, p < 0.05) and that of is 2 is significantly negative (t = -1.92, p < 0.1). These results are consistent with the Information Dominance Hypothesis again. Telephone (2) has no effects (t = 0.59, n.s., for is 2 ; t = -0.57, n.s., for pp 2 ). This is presumably because only two drivers acquired information by telephone on the second commute day.
The Experience Dominance Hypothesis, which indicates that the actual driving experience weakens the impact of the information acquired otherwise, can be examined by testing the differences between the magnitudes of impacts of information acquisition with and without actual driving experience, i.e. (is 2 -is 1 ) and (ip 2 -ip 1 ). For Telephone(t), these differences are consistent with the Hypothesis, i.e., (ip 2 -ip 1 ) is significantly negative (t = -1.93, p < 0.1.) and (is 2 -is 1 ) is significantly positive (t = 2.00, p < 0.05). For mass-media, the results are not significant (t = -0.63, n.s. for ip; t = 1.20, n.s. for is), but the directions are consistent with the hypothesis. However, the results for word-of-mouth are against the Experience Dominance Hypothesis again (t = -2.64, p < 0.05 for is; t = 2.15, p < 0.05 for ip).
DISCUSSION
Because the sample size of the data is small, further empirical research with a sample large enough to yield statistically reliable results is called for before the results of hypothesis testing in this study can be generalized. Nevertheless, and despite the small sample size, the statistical results of this study lend empirical support to the Information Dominance Hypothesis, which states that when a driver acquirers information on traffic condition, he will be able to predict travel time more precisely with less reliance on the anticipated travel times he had in the past. However, the result indicates that word-ofmouth information has effects that are opposite to those implied by the Information Dominance Hypothesis, i.e. state dependence is strengthened and information effect is weakened. This was observed only on the first commute day, but not on the second day, during the freeway closure. On the second day, word-of-mouth information seems to contribute more to the prediction of travel time by the driver. One plausible explanation of these results is that information gained by word-of-mouth when everybody is ignorant of the traffic condition is not guaranteed to provide accurate information, whereas relatively more precise information may be exchanged by word-of-mouth after some driving experience has been gained. The Hypothesis would hold true only if the information being acquired has some level of accuracy.
The estimates of sd 1 and pp 1 suggest that, when anticipating travel time, an ignorant driver, i.e., a driver without any information nor driving experience, can not help but resorting to the past anticipated travel times, which would obviously be different from the actual travel time. This result supports the simulation results by Nakayama et al. (6) , that a driver has route-specific beliefs which were formed by limited driving experience.
With such ignorant drivers network flow may converge at "deluded equilibrium" which can be substantially inefficient. One possible strategy to break out of such deluded equilibrium is to provide accurate information on traffic condition to the drivers. The Information Dominance Hypothetical is a necessary condition for this information provision strategy to work. However, the Experience Dominance Hypothesis implies that it may not be easy to break out of deluded equilibrium by providing travel time information. This is because the driver has been deluded by his actual driving experience and the Hypothesis implies that actual experience diminishes the influences of acquired information in anticipating travel time.
The estimation results of this present study support the Experience Dominance Hypothesis for all types of information except information gained through word-ofmouth. The accuracy and quality of word-of-mouth information may be, as described above, substantially different between the first and second commuting day during the closure and, therefore, (ip 1-w -ip 2-w ) and (is 1-w -is 2-w ) may not represent impacts of experience. The results, however, indicate that the effects of information is significantly weakened by actual driving experience only when the information has been acquired via telephone. The results are consistent with the Hypothesis for information acquired through mass media, but not significant. This may be due to the small size of the sample used in this study. With respect to the Experience Dominance Hypothesis, further empirical research is required. 2-W 
